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During the period that sexually mature male three-spined sticklebacks display parental 
fanning behavior, the rate of synthesis and release of the prolactin cells in the hypophysis, 
as estimated with quantitative electron microscopy, is enhanced considerably. This finding 
points to involvement of endogenous prolactin in the regulation of parental fanning behavior 
in this species.
Prolactin  has b ecom e generally  accep ted  
as a ho rm one  involved in the regulation of 
parental behav io r  in m am m als  and birds, 
even though the ev idence  often is indirect 
and con trad ic to ry  (Z arrow  et a l ., 1971; de 
Vlaming, 1979; Burke and D ennison , 1980). 
N o tw iths tand ing  this equivocal situation in 
the higher v e r teb ra tes ,  prolactin  has also 
been m entioned  as a parental ho rm one  in 
those te leost species  which care  for their  
eggs and  f r e s h ly  e m e r g e d  y o u n g .  In a 
num ber  of these  species  parenta l care  e x ­
presses  itself in fanning behavior,  by which 
a s tream  o f  fresh w a te r  is propelled  over  
the eggs by m eans  of  the pectoral  fins. A 
stimulating influence o f  (m am m alian) p ro ­
lactin  in jec t io n s  on fan n in g  b e h a v io r  has 
b e e n  r e p o r t e d  fo r  C re n ila b ru s  o c  elicit us 
(F ie d le r ,  1962), S y m p h y s o d o n  a e q u ifa s -  
c ia ta , and Pterophyllum  sca lare  (Blum and 
Fiedler, 1965; Blum, 1974). In a few o the r  
species prolactin  has to be given in c o m ­
b ina t ion  with  g o n ad a l  s te ro id s  to induce  
higher levels o f  fanning behav io r  (e.g .,  Le- 
p o m is  g ib b o s u s , K ra m e r ,  (1973); A equ i-  
ciens pu lch er , M olenda , quo ted  by Fiedler, 
(1974). With respec t  to fanning behav io r  in 
the s tick leback  G asterosteu s  aculeatus  the 
l i t e r a tu re  c o n ta in s  c o n f l ic t in g  r e p o r t s .  
T hus ,  Smith and H o a r  (1967) claimed that 
t e s to s te ro n e  r a th e r  th an  p ro la c t in  s t im u ­
lated male fanning behavior, w hereas  M o­
lenda and Fiedler (1971) reported  s tim ula­
tion of fanning by m eans of prolactin  injec­
tions.
S tudies in tended to substan tia te  the p re ­
sum ed role o f  prolactin  as a parental h o r­
m o n e  by m e a n s  o f  d e t e r m in a t io n s  o f  
p la s m a  p ro la c t in  leve ls  d u r in g  d i f fe re n t  
phases  o f  the breeding cycle have recently  
been made in m am m als  (Terkel et a l.,  1979) 
and birds (Goldsm ith , 1982). T hese  studies 
g e n e ra l ly  s h o w e d  th a t  s e ru m  p ro la c t in  
levels are higher during the period of  m a­
ternal care  in m am m als  and during the in­
cubation  period in birds. In teleost fishes as 
yet no p lasm a prolactin levels have been 
s tu d ie d  in re la t io n  to p a re n ta l  b e h a v io r .  
M etuzals  et al. (1968) tried to obtain this 
kind o f  information indirectly by studying 
the relation be tw een  the (light m icroscop i­
cally de term ined) activity o f  prolactin  cells 
and the occu rrence  o f  parental behav io r  in 
A equidens porta legrensis .  They  found that 
the acidophilic a  cells (located exclusively 
in the rostral pars distalis and thus most 
likely prolactin cells) show ed  signs o f  en ­
hanced  secre to ry  activity  w hen the fish had 
ju s t  spaw ned  and thus had en tered  the pe­
riod o f  parental care  during which they fan 
their  eggs. As at the time of  our  studies we 
had  no m e a n s  to d e te r m in e  p la sm a  p r o ­
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lactin levels, we also dec ided  to s tudy  p ro ­
lactin cell activ ity  indirectly  using quan t i­
tative e lec tron  m icroscopy.
The aim o f  ou r  s tudy was twofold. In the 
first place we w an ted  to establish  w h e th e r  
o r  not prolactin  cell activ ity  in the s tick le­
back is enhanced  during the period of  pa­
ren ta l  c a re  fo r  th e  eggs .  In th e  s e c o n d  
place, because  all s tudies  in fishes so far 
have been m ade with m am m alian  prolactin , 
we wanted  to s tudy the influence o f  sp e ­
cies-specific prolactin  on fanning behav io r  
by m eans o f  im plantation  o f  ex tra  prolactin- 
lobes into tail m uscles .  The p resen t  paper  
reports  ou r  findings on the first m entioned  
subject,  while the results  o f  the im plan ta ­
tion experim en t  will be repo r ted  in a sep a ­
rate p aper  (de R uiter  el cil., in prep.).
MATERIALS AND METHODS
The fish studied (trachurus  form of  Gasterostens  
aculeatus  L.) were  ob ta ined  from labora to ry  s tock 
which had hatched in an outside pond in June. In Au­
gust the fish were transferred to the laboratory and 
w'ere kept on a light regime of  8L/16D at 20 ±  1°. 
U n d e r  these  c o n d i t io n s  ha rd ly  any  fish will a t ta in  
sexual maturity (Baggerman, 1972). In March of  the 
following year, the fish (then measuring 5 2 -6 0  mm) 
were exposed to a long daily photoperiod ( 16L/8D) and 
20 ±  1°, a condition which induced maturation within 
about 30 days. During the experiment the males were 
kept separately in 15-liter tanks filled with tap water 
at a temperature of  20 ±  1°. The daily photoperiod 
r e m a in e d  16L/8D. T h e  fish w e re  fed Tubifex  o r  
Daphnia every other  day.
The experimental set up was as follow's: The tanks 
w ere  a r r a n g e d  in pa i rs ,  one  c o n ta in in g  the  e x p e r i ­
mental male and the other  the so-called stimulus male, 
both with a nest. The tanks of  each pair w'ere placed 
side by side so that the animals were continuously in 
visual contact  and could react tow'ard each other, e.g.,  
by show ing  agonis t ic  b ehav io r .  As sh o w n  by B ag ­
german (1968) this arrangement  can be used to imitate 
the natural situation in w'hich males occupy adjacent 
territories and frequently display agonistic behavior. 
Males which are not allowed to court females tend to 
somewhat neglect their nests after a while. Therefore,  
ripe females were introduced into the tanks for a few 
minutes at least three times per week,  a procedure 
which also somewhat  resembles the natural situation 
and keeps the males active during a long period of 
time. The introduction of the females (which were not 
allowed to deposit  eggs) always took place after the
daily  b e h a v io r  reco rd  had been  m ade .  N o  females  
w'ere introduced into the tanks of males which took 
care of  eggs.
The reproductive and parental behavior  patterns of 
the male three-spined stickleback have already been 
described extensively (van Iersel, 1953; Baggerman, 
1968). A summary will be given here. In early spring 
sticklebacks, especially the trachurus form, migrate 
from the sea to freshwater  to breed. Soon after arrival 
in freshwater  the males start to defend a territory in 
which they subsequently build a nest.
Parental fanning. After the nest is finished the male 
will court sexually mature females. Once a female has 
deposited eggs in the nest, the male will fertilize them 
and chase her out of his territory. Then the parental 
phase of  the reproductive cycle starts,  in which fan­
ning behavior is the most prominent behavioral ele­
ment. During this fanning behavior the male orients 
himself in front of the nest and fans water  over and 
through the nest by means of fast alternating move­
ments of  the left and right pectoral fin. The resulting 
backward movement is counteracted by fast tail move­
ments and in this way the male remains in the same 
position in front of the nest. During the 6 or 7 days 
the eggs need to develop at 20°, the male spends in­
creasingly more time on fanning, both with respect to 
the frequency and duration of the fanning bouts.  Be­
cause of  the association of fanning with the developing 
eggs in the nest, this fanning has been termed parental 
fanning behavior (van Iersel, 1953).
Displacement fanning. In addition fanning can also 
be performed by a male which has a nest only and no 
eggs. This fanning has been termed irrelevant fanning 
or displacement fanning, and its occurrence will be 
dealt w'ith further under Discussion.
Recording o f  fanning behavior. Parental as well as 
d isp lacem ent  fanning is performed in bouts ,  which 
o ccu r  in te rspersed  be tw een  o ther  behav io r  c o m p o ­
n en ts ,  such  as agonis t ic  and sexual  b ehav io r ,  nest 
building behavior,  swimming and feeding. One fanning 
bout is defined as the period of time during which 
fanning is performed without interruption by a short 
pause, or by other  behavioral elements.  Beginning 5 
days after the completion of the nest, fanning behavior 
of each male was recorded daily (between 8:30 and 
12:00 a m ) during 15 min. During this time the number 
of fanning bouts was recorded and the duration of each 
bout  m e a s u re d  by m ean s  o f  a s to p w a tc h .  Fanning  
bouts lasting shorter  than 1 s were recorded as lasting 
1 s. In this way also the total amount of  time spent on 
fanning per 15 min became know'n for each male, while 
the mean duration of  each fanning bout could be cal­
culated. For each experimental group the data of  the 
males were averaged per day, thus yielding the daily 
mean number of bouts, the daily mean total duration 
of  fanning, and the daily mean duration of a fanning 
bout. In addition mean fanning levels per group were 
calculated for the total period preceding fertilization 
of a clutch of  eggs.
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Experimental groups. The experimental  males were 
divided into th ree  g ro u p s  o f  four  m ales  each .  One 
:roup had nests but was not allowed to obtain eggs 
md therefore performed only displacement fanning. 
These males w'ere regarded as controls  (C group). The 
^ c o n d  group was allowed to fertilize one clutch of 
eggs and to take care of the eggs for 5 days. These 
males besides displacement fanning also showed pa­
rental fanning and were called the egg group (E group). 
This 5-day period was chosen because,  as van Iersel 
(1953) showed, parental fanning reaches its maximum 
after 5 - 6  days (at 20°). The third group was allowed 
to take care of  the eggs and the emerging young until 
4 days after hatching, w'hich, at 20°, occurs  6 - 7  days 
after fertilization. Under  natural conditions the young 
begin to leave the nest a few days after hatching; the 
males may subsequently build a new nest a few days 
later and start the cycle all over  again. In this exper ­
iment all young were removed from the tanks on the 
fourth day after hatching. During the following two 
observation days the experimental  situation of  these 
males resembled to a certain extent that before egg 
deposition (this is the post-parental care (PPC) group). 
In this way the condition of the males of  the three 
groups (C, E, and PPC) resembles that of  male stic­
klebacks before, during, and after the completion of  a 
parental cycle (including 4 days of  brood care).
Ultrastructure and morphometry. At the end of the 
experiment the males w'ere decapitated and the pitu­
itary gland was excised and prepared for electron mi­
croscopy. The glands were prefixed in a cacodylate- 
buffered (0.1 M; pH 7.2) glutaraldehyde solution (3%) 
for 15 min at room temperature .  Then the rostral pars 
distalis (containing mainly prolactin cells) was sepa­
rated from the gland and fixed in a similarly buffered 
mixture of 3% glutaraldehyde,  1% osmium tetroxide, 
and 5% potassium dichromate  (1:1:1) for 1 hr at 0°. 
Postfixation was performed in a 1% solution of uranyl 
acetate in distilled water  and was followed by dehy­
dration in ethanol and embedding in Spu r r ’s epoxy 
resin. Ultrathin sections were examined in a Philips 
EM 201 electron microscope.
In order  to determine the activity of  the prolactin 
cells quan t i ta t ive ly ,  l ineal in teg ra t ive  an a ly s i s  a c ­
cording to Loud et al. (1965) was applied. To this end 
a square grid of  sampling lines (distance of  the lines 
10 mm) was projected onto the electron micrographs 
(final magnification 16,000 to 18,000 x ) .  The  nuclei 
were excluded from the sampling area. A length of 
1000 |i.m per animal was sampled.  The extent of the 
rough endoplasmic reticulum (RER) was determined 
by counting the number  of  intersections of  its m em ­
branes with the sampling lines, and substituting the 
figure obtained in Eq. 5, as given by Loud et al. (1965), 
which yields the length o f  the membranes  of  the RER 
per surface unit of  cytoplasm. Volumetric determina­
tions of  mitochondria and of  Golgi areas were per­
fo rm ed  by c o u n t in g  the f rac t ion  o f  in te r se c t io n s  
formed by the sampling lines projected on these o r­
ganelles. According to Delesse’s theorem this fraction 
is equivalent to the volume fraction of  these organelles 
in the cytoplasm (Weibel and Gomez,  1962). In addi­
tion areas of  2000 jjim2 of cytoplasm per animal were 
determined using Kontron MOP AM 01 equipment and 
the number of exocytotic profiles in these areas was 
coun ted .  W i lcoxon’s test  was applied for statistical 
evaluation. All tests were two-sided at the 5% signif­
icance level.
RESULTS
Fanning behavior
C group. In this group only d isp lacem ent 
fanning occu rred .  The n um ber  o f  fanning 
bou ts ,  as well as the total dura tion  o f  fan­
ning per 15 min was low th roughou t the 19 
days o f  observa t ion ;  this resulted  in a short 
m ean dura tion  o f  each fanning bout (Table 
1; Fig. 1). As is com m on  for d isp lacem ent 
fanning, as well as for parental fanning (van 
Iersel, 1953; Sevenste r ,  1961; Baggerm an, 
1968), large varia tions  may o ccu r  be tw een  
individual animals and also within one a n ­
imal from day to day and even from one 
time o f  the day to another.
E g ro u p . During the 14 days prior to fer­
tilization, the n um ber  o f  fanning bouts  was 
com parab le  to that o f  the C group, although 
the total dura tion  of  d isp lacem ent fanning 
was m uch longer; this is a result o f  a co n ­
siderably longer m ean bout length than in 
the C group (Table 1). H ow ever ,  due to the 
ev en  la rger  ind iv idua l  d i f fe ren ces  in d is ­
p lacem ent fanning am ong the E males than 
am ong the C males (Table 1, Fig. 1), the 
differences in time spent on d isp lacem ent 
fanning be tw een  the C and E males were 
not statistically significant. We have no e x ­
planation  for the high m ean bout length and 
the large variations in d isp lacem ent fanning 
occurr ing  in the males o f  the E group.
A fter fertilization the males en te red  the 
parenta l  period and fanning behav io r  p e r ­
form ed during this period is, by definition, 
parenta l  fanning. As Fig. 1 show s, the total 
dura tion  o f  parental fanning per 15 min in­
300 S L I J K H U I S  ET AI
TA BLE I
M e a n s  ±  S D  N u m b e r  o f  F a n n i n g  B o u t s , L e n g t h  o f  F a n n i n g  B o u t s , a n d  T o t a l  D u r a t i o n  o f  F a n n i n g
in S e x u a l l y  M a t u r e  M a l e  S t i c k l e b a c k s
N um ber  of 
bouts/15 min
Bout length 
( seconds /15 min)
Total duration 
of  fanning 
( seconds /15 min)
C group
Displacement fanning" 2.0 ±  1.2 5.6 ±  1.4 11.3 ±  5.0
E group
Displacement fanning'’ 2.8 ±  1.8 11.0 ±  6.7 31.4 ±  24.0
Parental fanning* 19.0 ±  4.5 13.5 ±  10.8 310.0 ±  120.8
PPC group
Displacement fanning*7 3.1 ± 0.7 5.1 ±  2.3 15.3 ±  9.2
Parental fanning*' 26.5 ±  6.5 16.3 ±  2.8 336.0 ± 83.5
Displacement fanning 1 0 0 0
Note. For details about the groups of  males see text and Fig. I. 
“ Mean of 19 days. 
h Mean of 14 days. 
c Data of  the fifth day only. 
d Mean of 7 da vs.*
e Data of the sixth day only.*  *
1 Data of the 11th and 12th day only.
creased  sharply  af te r  fertilization, resulting 
in an alm ost 10-fold rise o f  the total d u ra ­
tion of  fanning. Table 1 show s that this rise 
is m a in ly  due  to a la rge  in c r e a s e  in the  
num ber o f  fanning bou ts ,  while the mean 
bout length rem ained  abou t the sam e.
P P C  group. In this g roup  the da ta  o f  one 
m ale  h av e  b e e n  e x c lu d e d  b e c a u s e  it 
s to p p ed  fann ing  (for u n k n o w n  re a so n s )  3 
days after fertilization. During the 7 days 
prior to fertilization the m ean n um ber  o f  
fanning bou ts ,  as well as the total dura tion  
of d isp lacem ent fanning resem bled  those  o f  
the  C g ro u p ,  r e s u l t in g  in a  c o m p a r a b le  
mean dura tion  of  bout length (Table 1, Fig. 
1). As Fig. 1 show s, parental fanning rose 
sharply after fertilization, resulting in an al­
most 20-fold increase o f  the total dura tion  
of  fanning . T h is  h igher  in c re a se  as c o m ­
pared to that o f  the E group is due to the 
lower level o f  d isp lacem en t fanning in the 
PPC g ro u p  b e fo re  f e r t i l i z a t io n .  Table 1 
show s that all da ta  for parental fanning are 
com parab le  to those o f  the E group.
As Fig. 1 show s, parental fanning begins 
to decline around  the day of  hatching (as is 
com m on  in s ticklebacks),  reaching a very 
low level on Days 9 and 10. A fter the young 
had been rem oved , no more d isp lacem ent 
fanning was observed  during the last two 
observa t ion  days before autopsy. Had the 
a n im a ls  b e e n  a l lo w e d  to re m a in  in th e i r  
aquaria ,  they would have built a new nest 
within a few days and would have resum ed  
d isp lacem ent fanning at a low level.
The A ctiv ity  o f  the Prolactin Cells
In s t ick lebacks,  as in m any o the r  teleost 
fishes, the prolactin  cells are situated as a 
com pac t  m ass o f  secre to ry  cells in the ro s ­
tral pars distalis o f  the pituitary gland, in­
t e r s p e r s e d  by i r r e g u la r  s t r a n d s  o f  sm all  
ch rom ophob ic  stellate cells (L ea the r land ,  
1970; W endelaar  Bonga, 1978).
C group. In the fish o f  the C group the 
prolactin  cells are large round or oval cells 
with a large nucleus; often a p rom inen t nu­
c leo lu s  is p re se n t .  T he  c y to p la s m  o f  the
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days
F i g . I. Fanning activity, expressed in seconds per I5 
minutes (mean daily values ±  SD), in three groups of 
sexua l ly  m a tu re  male f r e s h w a te r  s t i c k le b a c k s .  C 
group, males with nests but without eggs; E group, 
males with fertilized eggs in their nests (these males 
were allowed to take care of  the eggs for 5 days); PPC 
group, males as in the E group but the males were 
allowed to take care of  the eggs and young until 4 days 
after hatching. On Day 0 fertilization of  the eggs took 
place. H, hatching; R, removal of  the young. The day 
on which the fish were dissected is indicated by the 
vertical arrow.
cells conta ins  m any long s trands  o f  rough 
e n d o p la s m ic  r e t ic u lu m  (F ig .  2). T h e s e  
s trands are mostly  found at the pe rphery  of 
the cells and a round  the nucleus .  The  Golgi 
areas are p rom inen t and located in a central 
region close to the nucleus. The  Golgi sac- 
culi usually are  slightly dilated and e lon ­
gated. T hey  are often su rrounded  by small
vesicles and p resecre to ry  granules  (Fig. 2). 
The p resence  of  p resec re to ry  granules  re ­
flects synthesis by the Golgi area (Farquhar 
and Palade, 1981; W endelaar  Bonga, 1978). 
M an y  w e l l -d e v e lo p e d  m i to c h o n d r i a  a re  
found th roughout the cy top lasm . In d en ta ­
tions o f  the cell m em brane ,  with or without 
a g ranu le - l ike  inc lus ion  are  regu la r ly  o b ­
s e rv e d  (F ig . 3). S u ch  in d e n ta t io n s  are  
thought to indicate places o f  horm one re ­
lea se  by e x o c y to s i s  ( L e a th e r l a n d ,  1970; 
Batten et a l . , 1976). The results  o f  the q u an ­
titative analysis  o f  the prolactin  cells o f  the 
C group are p resen ted  in Fig. 5.
E group. The males in group E were used 
to de term ine  the relation be tw een  parental 
fanning and prolactin cell activity  on Day 5 
of  the parental cycle , when fanning is about 
to reach its m axim um  value.
In fish performing parental fanning, the 
Golgi areas  are considerab ly  enlarged and 
the sacculi more dilated, while much more 
p resec re to ry  granules  are found than in the 
control fish (Fig. 4). T hese  features  indicate 
a higher secre to ry  activity  o f  the prolactin 
cells. The quantita tive  da ta  show  that c o m ­
pared to the C males, no difference could 
be found in ex ten t o f  the rough endoplasm ic  
re t icu lu m  (Fig. 5). H o w e v e r ,  the  vo lum e 
fraction of  the Golgi a reas  in the E males 
was 40% higher than that in the C males (P  
<  0.001). M oreover,  the num ber  o f  exocy- 
totic profiles show ed a more than twofold 
in c r e a s e  (P  <  0 .001).  T h e  m ean  v o lu m e  
fraction o f  the m itochondria  was also ele­
vated considerably , but not significantly.
P P C  group. The PPC males were used to 
s tudy prolactin  cell activity after com p le ­
tion o f  the parental phase , including a p e ­
r iod  o f  2 d a y s  fo l lo w in g  re m o v a l  o f  the  
young from the tanks. The s tructure  o f  the 
prolactin  cells o f  the PPC males was very 
m uch like that o f  the C males. The values 
for the ex ten t o f  the R E R , the volume of 
Golgi a reas ,  the volume fraction o f  the mi­
tochondria  as well as for the num ber  o f  ex- 
ocyto tic  profiles all closely resem ble those 
of  the C males (Fig. 5) and the slight dif-
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F i g s . 2-4. Prolactin cells of sexually mature male sticklebacks in freshwater with a nest containing 
no eggs (C group; Figs. 2 and 3), or w'ith a nest and fertilized eggs on the fifth day of the parental 
cycle (E group; Fig. 4). The organelles involved in synthesis  of hormone granules (gr), like nucleus 
(n), mitochondria (m), rough endoplasmic reticulum (rer), and Golgi apparatus  (Go), are shown in 
Fig. 2. Figures 3 and 4 show exocytotic  release of  a secretory granule (arrows) into the intercellular 
space. Figure 4 show's a detail of  a prolactin cell of a male of  the E group. Newly formed presecretory 
granules are budded off (arrowheads)  from the dilated Golgi (Go) sacculi; nu, nucleolus; pr, prolactin 
cell; des,  desmosome;  is, intercellular space; st, stellate cell surrounding the prolactin cells. Fig. 2, 
x 14,200; Fig. 3, x  34,800; Fig. 4, x  22,100.
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Fig. 5. Means ±  SD of  length of  rough endoplasmic 
reticulum (RER), fractional volumes of  mitochondria 
and Golgi area (as a percentage of  the volume of cy ­
top lasm ) ,  and  n u m b e r  o f  e x o c y to t i c  p h e n o m e n a  in 
prolactin cells of three groups o f  sexually mature male 
sticklebacks. For details of  groups see under  Fig. 1.
With respec t  to the height o f  parental fan­
ning be tw een  fertilization and hatching, our 
da ta  and those  in the literature (van Iersel, 
1953; B aggerm an, 1968) are in good ag ree ­
m ent. Since the level o f  d isp lacem ent fan­
ning before fertilization was low er in our 
groups than that found by the au thors  m en ­
t ioned  a b o v e ,  the  p e rc e n ta g e  in c re a se  o f  
p a re n ta l  fann ing  w as m uch  h igher  in o u r  
groups (E and PPC). The dura tion  o f  6 days 
for the eggs to hatch  at 20° is in agreem ent 
with the findings o f  van Iersel (1953).
Prolactin Cell A ctiv ity
Q u a n t i ta t iv e  an a ly s is  at the  u l t ra s t ru c -  
tural level has been accep ted  as a techn ique  
to establish the secre to ry  activity o f  g lan­
dular  cells. The ex ten t of the m em branes  of 
the rough endoplasm ic  reticulum  and the 
fractional volum e o f  the Golgi a reas  and mi­
tochondr ia  have been considered  p a ram e ­
ters that reflect the b iosynthetic  activity  of
ferences which o ccu rred  are not significant. Pro *a c ^ n c e ^ s (Batten  et al., 1976; Wen- 
This m eans  that the considerab le  changes  de laar  Bonga, 1978). In the p resen t  study
in prolactin  cell activ ity  which take  place occu rrence  ° f  exocyto tic  profiles has
around  the height o f  the paren ta l  period (E been quantified additionally as a p a ram ete r
males) disappear afterward and that the ac- for P™lactin release. As judged by most of
these  s tructura l pa ram ete rs  it can be co n ­
cluded that prolactin  cell secre to ry  activity 
is m arkedly  enhanced  during the period of 
parental fanning. An enhanced  rate o f  p ro ­
lactin synthesis  in this period is fu r ther  in­
dicated by the increased  num ber  o f  prese- 
c re to ry  granules budded  off from the Golgi 
appara tus .  As concluded  from the rise of 
the n um ber  o f  exocy to tic  profiles, prolactin 
r e le a s e  has  in c r e a s e d  a lm o s t  th re e fo ld  
during parental fanning. A fter  the parental 
period prolactin  syn thesis  and release a p ­
paren tly  re turn  to contro l levels.
The  p resen t  da ta  show  that the length of  
m em b ran es  o f  the rough endoplasm ic  re tic­
u lum  p e r  su rface  unit  c y to p la sm  did not 
change during the period o f  parental care. 
It has been  reported  earlier  that s truc tu re  
and volum e o f  the Golgi areas  and m ito­
chondr ia  respond  m ore rapidly to changes 
in cell sec re to ry  activity  than does  the ex-
tivity o f  the prolactin  cells re tu rns  to their  
initial s ta te  o f  activ ity  (C males).
DISCUSSION
Fanning Behavior
O ur da ta  show  that the level o f  fanning 
behav ior  is ra th e r  low before fertilization, 
and that it rises quickly af te r  fertilization to 
reach a peak  value ( 1 0 -2 0  t im es higher than 
the level before fertilization) a round  Day 6 
w hen the young begin to hatch . F rom  that 
time fanning d ec rease s  sharp ly  to reach  the 
prefertilization level within abou t 4 - 5  days 
after hatching  o f  the eggs.
In general,  ou r  da ta  on fanning behav io r  
are in ag reem en t  with those  given in the 
l i t e r a tu r e  (v a n  I e r s e l ,  1953; S e v e n s te r ,  
1961; B a g g e r m a n ,  1968; M o le n d a  and
Fiedler, 1971).
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ten t  o f  ro u g h  e n d o p la s m ic  r e t ic u lu m  
(Roubos and M oore r-van  Delft, 1976). It is 
possible that the period o f  5 days  o f  p a ­
rental care ,  as in the p resen t  exper im en t ,  
was too short  to result in notable changes  
in the ex ten t o f  the rough endop lasm ic  re ­
ticulum. H ow ever ,  from o th e r  com parab le  
experim en ts  o f  one of  us (S. E. W. B.), we 
know that in fish under  similar conditions  
as those o f  the E group both cell and nu ­
clear volum e o f  the prolactin  cells increase 
about 25%  w hen  com pared  to those  o f  c o n ­
trol fish under  similar cond it ions  as those 
o f  the C group. This may point to an (from 
our data  undetec tab le)  abso lu te  increase o f  
the extent o f  rough endop lasm ic  reticulum  
in fish d is p la y in g  p a r e n ta l  fa n n in g .  A l­
though prolactin  cell activ ity  was greatly  in­
creased  during the period o f  paren ta l  care ,  
the cells neverthe less  also show  signs o f  se ­
cre to ry  activity before and after  this period. 
For in e u ry h a l in e  f ish , inc lud ing  s t ic k le ­
backs, prolactin cells are involved in hy ­
d ro m in e ra l  r e g u la t io n  u n d e r  f r e s h w a t e r  
c o n d i t io n s  ( N a g a h a m a  et a l ., 1973; 
Schre ibm an et a l ., 1973; W endelaar  Bonga, 
1978).
Correlation betw een  Fanning Behavior
and Prolactin
O ur da ta  show  that the low levels o f  d is­
p lacem ent fanning before and af te r  the p e ­
riod of  parental care  are  co n cu rren t  with 
re la t ive ly  low levels  o f  p ro lac t in  cell a c ­
tivity. In addition , the greatly  enhanced  pa­
rental fanning activity  on Day 5 o f  the p a ­
rental period is accom pan ied  by a high se ­
cre tory  activity  o f  the prolactin  cells. This 
correlation strongly suggests  that parental 
fanning depends  on a high level o f  prolactin  
in the b lood . M e tu z a ls  et al. (1968) a lso  
found a c lear corre la tion  be tw een  an e n ­
h a n c e d  a c t iv i ty  o f  the  p r e s u m p t iv e  p r o ­
lactin cells at a time w hen the fish (A. por-  
talegrensis)  had ju s t  spaw ned  and thus had 
en tered  the period o f  parental  care.
C om parison  o f  our  da ta  on the relation 
b e tw e e n  p ro la c t in  and  p a re n ta l  fan n in g
with da ta  in the literature are com plicated  
by the fact that most au tho rs  have studied 
the  r e la t io n s  b e tw e e n  p ro la c t in  and  d i s ­
p lacem ent fanning ra ther  than parental fan­
ning. T hese  two types  o f  fanning behav ior  
are distinguished on functional grounds: pa­
rental fanning serves  to provide the eggs 
with a s tream  of fresh water, w hereas  the 
fu n c t io n  o f  fan n in g  in f ro n t  o f  a nes t  
w ithout eggs, as occu rs  in the case of dis­
p lacem ent (irrelevant) fanning is not yet un ­
ders tood .  Strictly speaking, the use o f  dis­
p la c e m e n t  fan n in g  as p a r a m e t e r  fo r  p a ­
rental behav io r  is only allowed after  it has 
been established that its o ccu rren ce ,  like 
tha t  o f  p a re n ta l  fann ing ,  is b a se d  on the 
sam e parental m otivation . So far, only Sev- 
en s te r  (1961) has given som e experim enta l  
e v id e n c e  ind ica t ing  tha t  p a ren ta l  m o t iv a ­
tion may be at least one o f  the factors  in­
volved in the causa tion  of d isp lacem ent fan ­
ning in the stickleback.
A stimulating influence of  ovine prolactin  
in je c t io n s  on d i s p la c e m e n t  fa n n in g  has  
b e e n  r e p o r t e d  in C. o c e l la tu s  (F ie d le r ,  
1962), in S. aequ ifa sc ia ta , and in P. scalare  
(Blum and Fiedler, 1965; Blum, 1974). In 
the s tick leback . Smith and H o a r  (1967) re ­
ported  that they could stimulate neither  d is­
p la c e m e n t  no r  p a ren ta l  fann ing  by in jec ­
tions o f  ovine prolactin  and concluded  that 
prolactin  is not involved in the regulation 
of fanning behav io r  in this species. H o w ­
ever, the failure o f  Smith and H o a r  (1967) 
to affect fanning with ovine prolactin  was 
l ike ly  due  to the  e x c e s s iv e ly  high d o se  
u s e d ,  s in ce  M o le n d a  and  F ie d le r  (1971) 
sh o w e d  tha t  only  low d o se s  o f  p ro lac t in  
s t im u la te  d isp la c e m e n t  fann ing ,  w h e re a s  
higher doses  inhibit the occu rren ce  of  this 
behavior.
Smith and H o ar  (1967) also reported  that 
t rea tm en t  o f  gonadec tom ized  male s tick le­
b ac k s  with an d ro g e n  in d u ced  the p e r fo r ­
m an ce  o f  d isp la c e m e n t  fann ing  (a l though  
on ly  in m a le s  w h ich  had  s t a r t e d  n es t  
b u i ld in g  as re su l t  o f  th is  t r e a tm e n t )  and  
conc luded  that androgen  ra ther  than p ro ­
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lactin ac tiva tes  fanning behavior.  H ow ever ,  
this c o n c lu s io n  is not w a r ra n te d  w ith o u t  
f u r th e r  e x p e r i m e n t a t i o n ,  s in ce  (as Bag- 
germ an  (1968) suggested) the androgen  in­
jec t ions  in this case  m ost likely affected d is­
p lacem ent fanning indirectly  ra th e r  than  di­
rectly , by s t im u la t in g  the  p e r fo rm a n c e  o f  
nest building and enhanc ing  the aggressive 
and sexual m otivation . It is well know n ( 1) 
that male ho rm one  is able to induce the p e r ­
fo rm a n ce  o f  nes t  bu ild ing  and  ag g ress iv e  
and  se x u a l  b e h a v io r  (H o a r ,  1962; Bag- 
germ an , 1968; Liley, 1969; Fiedler, 1974), 
while (2 ) d isp lacem en t fanning only occurs  
in s tick lebacks with a nest and is greatly 
s tim ulated by the ac tiva tion  o f  the aggres­
sive and  sexua l  m o t iv a t io n  (B a g g e rm a n ,  
1968).
In all species  m en tioned  so far in this Dis­
cussion , fanning behav io r  only occu rs  in in­
dividuals that are sexually  m atu re ,  which 
m ay  im ply  th a t  g o n a d a l  h o r m o n e s  p lay  
som e role in p ro la c t in  c o n t ro l le d  fann ing  
behavior. This idea seem s to be supported  
by the findings that in L. g ibbosu s  (K ram er,  
1973) and A. pu lcher  (M olenda , quo ted  by 
F ie d le r  (1974)) p ro la c t in  in jec t io n s  w ere  
only able to s tim ulate  d isp lacem en t fanning 
w hen  g iven  in c o m b in a t io n  with  gonada l  
s teroids. M oreover,  Smith and H o a r  (1967) 
found that cas tra t ion  of  male s tick lebacks 
on the first or  second  day af te r  fertilization 
of a clutch of  eggs resu lted  in an alm ost 
im m e d ia te  c e s s a t io n  o f  all f a n n in g  b e ­
havior. H ow ever ,  the suggested  relation b e ­
tw een  prolactin  and gonadal ho rm o n es  is 
ce r ta in ly  m o re  c o m p le x ,  s ince  de Jo n g h -  
van der  Heij (results  given by Baggerm an 
(1968)) found that cas tra t ion  on the third 
and fourth  day after  fertilization had no a d ­
verse effect on parental  fanning, since the 
fanning cycle followed a cou rse  com parab le  
to that o f  the sham -opera ted  contro ls .  E v ­
idently, fu r the r  exper im en ta t ion  is needed 
to elucidate  the possible role o f  gonadal s te ­
ro id s  in p r o la c t in  c o n t r o l l e d  fa n n in g  b e ­
havior.
T h e  u l t im a te  aim o f  in v es t ig a t io n s  like 
the p resen t one is to unders tand  the way 
the p a ren ta l  fann ing  cyc le  (Fig. I, low er  
panel) is regulated. This cycle begins after 
fertilization of  freshly laid eggs, van Iersel 
(1953) show ed that the am ount o f  fanning 
behav io r  increases  with increasing age of  
the eggs and it is likely that fanning is reg­
ulated by the metabolic activities o f  the d e ­
veloping eggs, although he suggested that 
visual and tactile stimuli from the eggs may 
play an additional role. The question  then 
arises how prolactin would fit into this pic­
ture. One possibility is that the act o f  fer­
tilization or the perception  of  freshly laid 
eggs triggers an enhanced  secretion  o f  p ro ­
lactin, resulting in a higher level o f  fanning 
b e h a v io r .  As the  eggs d e v e lo p ,  th e i r  in ­
c reased  metabolic  activities could stimulate 
the secre tion  of  increasing am oun ts  o f  p ro ­
lac tin ,  resu lt ing  in in c reas in g  a m o u n ts  o f  
fanning. A n o th e r  possibility is that the e n ­
h a n c e d  level o f  p ro la c t in  s e c r e t io n  t r ig ­
g e re d  by the  f a c to r s  m e n t io n e d  a b o v e  
would play only a permissive role, in that 
it enables  the male to react to the increasing 
stimuli em anating  from the developing eggs 
by increasing am oun ts  o f  fanning behavior. 
We shall re turn  to these two possibilities in 
o u r  s e c o n d  p a p e r  (de R u i te r  et  ¿//., in 
p rep .) .  A n o th e r  q u es t io n  p e r ta in s  to the 
factors  controlling the decline o f  fanning on 
the day following hatching. As van Iersel 
(1953) sh o w e d ,  th is  is c a u se d  by stimuli 
from the hatching eggs, as well as by in­
ternal factors. T hese  external and internal 
f a c to r s  co u ld  in d u c e  a r e d u c t io n  o f  the  
am oun t o f  prolactin  secre ted ,  resulting in a 
dec rease  o f  fanning behavior. H ow ever,  the 
hatching process  could also induce a red u c ­
tion o f  prolactin  secretion  as well as o f  fan­
ning behavior, w ithout the two p rocesses  
being causally  related.
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